Environmental enrichment is the incorporation of materials into hatchery tanks to simulate a more natural rearing environment. This study investigated the use of a vertically-suspended plastic conduit array as enrichment in 3.63 m circular tanks during Atlantic salmon (Salmo salar) rearing. After 168 days, feed conversion ratio was significantly improved for salmon reared in tanks with enrichment compared to the barren control tanks. Final tank weights and weight gain were not significantly different, although the difference in mean gain of 182.0 kg in the enriched tanks compared to 162.9 kg in the control tanks approached significance. There were no significant differences in individual fish length, weight, or condition factor between the treatments, likely because of large variances in body size due to sexual dimorphism and small sample sizes. The suspended array did not interfere with the hydraulic self-cleaning of the circular tanks. The results of this study support the use of vertically-suspended structures to improve the hatchery rearing performance of Atlantic salmon in circular tanks.
Introduction
Environmental enrichment is the addition of material within a barren hatchery rearing unit to imitate natural environments normally encountered by fish. It has been used in an attempt to alter fish behavior and physiology to improve hatchery rearing performance or post-stocking survival [1] - [9] . Forms of environmental enrichment have included natural and artificial plants, sand and gra-vel substrate, wood, rocks, and concrete blocks [2] [4] [9] - [14] . While these supplements attempt to replicate a natural environment, they also disrupt the hydraulic self-cleaning of circular tanks. As a result, there may be a potential increase of disease outbreaks and increased labor requirements from hatchery staff [14] [15] [16] [17] .
The use of vertically-suspended arrays as environmental enrichment is a recent development. In general, the suspension of vertical structures has improved feed conversion ratios and salmonid growth without disrupting circular tank self-cleaning [14] [22] . In contrast, White et al. [23] did not observe improved hatchery rearing performance with the use of vertically-suspended arrays in juvenile Atlantic salmon (Salmo salar) during a 125 day study. However, the 125-day study duration may not have been long enough to detect any effects from environmental enrichment with Atlantic salmon. Brockmark et al. [12] did not observe any environmental enrichment effects on Atlantic salmon growth until after 311 days of hatchery rearing. Thus, the objective of this study was to evaluate the hatchery rearing performance of Atlantic salmon after long-term rearing with vertically-suspended environmental enrichment.
Methods
Juvenile Atlantic salmon, Saint John's River strain, were reared initially in 1. Two different treatments were assigned to the six circular tanks (N = 3). Three control tanks were devoid of any internal structure, while three tanks contained vertically-suspended structure as environmental enrichment, as described by White et al. [23] . All tanks were near fully covered by corrugated plastic overhead covers [24] Total tank weights were recorded to the nearest 0.2 kg at the conclusion of the experiment. Also at the end of study, ten randomly sampled fish from each tank were weighed to the nearest 0.1 g, and total length was measured to the nearest 
Results
Feed conversion ratio was significantly improved in the tanks of Atlantic salmon containing environmental enrichment compared to control tanks (Table 1; Table 2 ). Mortality for all tanks was not significantly different and was less than 2%. Open Journal of Animal Sciences 
Discussion
The addition of vertically-suspended plastic conduit had positive effects on Atlantic salmon rearing performance when used for 168 days in this experiment.
These results differ from White et al. [23] , who reported no significant improvement in Atlantic salmon feed conversion or growth after 125 days of rearing with another form of vertically-suspended environmental enrichment in much smaller circular tanks. Study duration may be a crucial determinant for observing significant results. Brockmark et al. [12] observed no effect of environmental enrichment on Atlantic salmon growth after 123 days, but reported growth improvements with enrichment after 311 rearing days. Similarly, White et al. [23] reported that vertically suspended structures did not produce any improvements in brown trout (Salmo trutta) or Chinook salmon (Oncorhynchus tshawytscha) growth at 59 and 78 days, respectively. However, improvements in rearing performance were reported for brown trout growth after 126 days [22] and Chinook salmon at 90 days [21] .
This experiment produced similar results to numerous other studies investigating vertically-suspended environmental enrichment during salmonid rearing The alteration of water velocity behind the suspended conduit array may be responsible for the positive affect on Atlantic salmon feed conversion ratio observed in this study. Moine et al. [28] and Muggli et al. [29] reported that vertically-suspended structure arrays produce significant changes in circular tank water velocity profiles, with decreased water velocities behind the arrays. These lower velocity microhabitats likely positively influence fish energy expenditure [18] Routine fish husbandry demands were not negatively affected by the use of the conduit arrays in this study. The vertically-suspended environmental enrichment maintained the self-cleaning nature of the circular tanks, as has also been reported by Kientz and Barnes [18] , Kientz et al. [19] , and White et al. [22] . Although other types of vertically-suspended arrays have been shown to decrease velocities below the level needed for hydraulic self-cleaning [29] , the structure used in this study is acceptable for use in production fish hatcheries where circular tanks must be self-cleaning.
Suspended structure did not significantly affect individual fish length, weight, or condition factor. This may be due to small sample sizes [37] . The lack of attention to sexual dimorphism may also have played a role; the ten fish sampled from each tank in this study were chosen at random, without regard to sex. The differences in body size between male and female Atlantic salmon [38] [39] likely produced the relatively high variance in individual fish metrics, which would be particularly pronounced if the sample was dominated by one gender.
Conclusion
In conclusion, the vertically-suspended environmental enrichment structures used in this study produced improvements in Atlantic salmon rearing performance. It is unknown if such improvements would become more pronounced over a longer rearing period. Given that these structures did not interfere with circular tank hydraulic self-cleaning, their use is recommended during the hatchery rearing of Atlantic salmon. Future studies should focus on even longer study durations, the possible physiological changes induced by the use of vertically-suspended structure, and their potential effects on post-release survival for salmon reared at conservation or recreational fish hatcheries.
